I ~TRODl'CTIO~ While publicity concerning the chronic use of simple analgesics has led to a greater awareness of their side effects, paracetamol is regarded as remarkably safe in therapeutic dosages.
It is not generally appreciated, however, that acute paracetamol (werdose may result in :
(I) Hepatic necrosis with coma, hypotension, hypoglycaemia, acidosis and coagulopathies.
(2) Renal failure. (:3) :\1 yocardial nccrosis. Paracetamol, first used by von :\lering in 1893, is the major metabolite of phenacetin with a similar pharmacological spectrum to the parent drug. The first British report of hepatotoxicity in paracetamol overdose was not published until 1966 (Davidson 1966) and since then, both the sales of paracetamol and the incidence of overdosage have increased rapidly. Tht increase in overdose. it is felt, is influenced by newspaper pUblicity (Clark 1973) .
TIlt' following case rlports illustrate the clinical picture of severe paracetamol overdo sage and the efficiency of therapy when instituted early. later semiconscious. The overdose was later found to be 3 g of amitryptyline and 25 g of paracetamol. She recovered consciousness within twelve hours and remained symptom-free. Thirty hours after ingestion, investigation revealed serum bilirubin -le·9 mg per 100 ml; serum -glutamic -oxaloacetic -transaminase (SGOT) 1190 Sigma Frankel units and serumglutamic-pyruvic-transaminase 1190 units. Eight days after ingestion her liver function tests returned to normal. She received no specific therapy.
Case :2
A 25-year-old woman, ingested -leT! g of paracetamol and vomited four hours later. Twelve hours after ingestion she was admitted fully conscious to hospital for observation, but a further twelve hours elapsed before the severitv of the overdose was realized. Fortyeight h~urs after ingestion her serum paracetamol level was 30 [Lg per ml, bilirubin 3· J mg per lOO ml, SGOT 765 units, SCPT 1190 units, the prothrombin time was 48 seconds (controI15) ; the partial thromboplastin time with kaolin was 98 seconds (control 38); the thrombin time was 7 seconds (control 7) and the platelet count remained around 60,000 per m1. The next day the SCOT was 9,500 units and the SGPT IO,OnO units. The electrocardiograph (ECG) was non specific.
The liver function tests continued to deteriorate; the coagulation studies remained abnormal; renal function, serum electrolytes and blood glucose remained normal and acid base studies revealed a persistent metabolic alkalosis.
.~"aesthesia alld IlItl'llsive Care, J·ol. 11, Xo. 4, X01 'clllber, 1974 She was treated with a hepatic failure regime of lactulose, neomycin, sodium and protein restriction, intravenous glucose with potassium supplements, daily fresh frozen plasma infusions and hourly intragastric antacid instillations.
For five days following ingestion she remained mentally alert and then she became rapidly comatose and decerebrate, requiring artificial ventilation and tracheotomy. She developed pulmonary oedema, due in part to the high sodium content (approx. 170 mEq per litre) of fresh frozen plasma. This responded rapidly to dehydration, positive end-expiratory pressure and a 100 per cent inspired oxygen concentration.
An external arteriovenous shunt was inserted in the right wrist and an attempt made at plasma exchange by plasmaphoresis using a continuous flow centrifuge. This failed and no exchange took place.
She remained comatose for seven days and then showed signs of mental improvement which continued to full recovery on discharge 43 days after admission. The serum bilirubin reached a maximum of 21·5 mg per cent 15 days after admission and the serum alkaline phosphatase a maximum of 354 International Units (normal range 0-88 LU.) 27 days after admission. The serum bilirubin on discharge was 1·9 mg per cent. Liver biopsy performed five weeks after ingestion revealed massive hepatic necrosis with regeneration, micronodular cirrhosis and definite evidence of cholestasis.
Case 3
A 22-year-old woman ingested 20 g of paracetamol and was admitted fully-ccnscious to hospital two hours later. Gastric lavage was instituted immediately and then she was given activated charcoal and 500 ml of 20 per cent mannitol, both orally. Five hours after ingestion, 200 mg of dimercaprol was given intramuscularly and 1·0 g of penicillamine orally. The serum paracetamol was 40 (J.g per ml eight hours after ingestion. Her serum biochemistry remained normal with no elevation of her liver enzymes and she remained clinically well.
Case 4
A 59-year-old man ingested 90 g of paracetamol and was admitted 36 hours later, fully-conscious when his serum paracetamol level was 152 (J.g per ml. On admission examination revealed:
(1) Hypotension with a systolic blood pressure of 60 mm Hg due to massive upper gastrointestinal haemorrhage.
(2) A metabolic acidosis with pH 7'20, PaC0 2 16, base excess -21 mEq per litre. (3) A coagulopathy with a prothrombin time of 33 seconds (control 13); a partial thrombolplastin time of 74 seconds (control 37); a thrombin time of 9 seconds (control 7) and a platelet count of 60,000 per cmm. (4) An ECG abnormality with a gross intraventricular conduction defect. (5) Renal failure with anuria. (6) Hepatic failure with serum bilirubin 5·2 mg per 100 ml. The next day the SGOT was greater than 2,000 units. Massive haematemesis on admission was controlled using hourly intragastric irrigations with 4 mg of noradrenalin in 100 ml of 0·9 per cent saline.
He was treated with a hepatic coma regime, intravenous sodium bicarbonate, mannitol, lasix, 10 per cent dextrose, fresh frozt'n plasma, blood and dimercaprol 5 mg per Kg.
Anaesthesia and Intensive Care, Vol. II, No. 4, November, 1974 He became comatuse and died three da\"s after admission. Post mortem revealed extensive atheromatous coronan" artef\" disease. massive hepatic necrosis with preserv~tion of the normal reticulum structure (Figures I and 2 ) and renal proximal tubular vacuolation consist ant with the prior administration of mannitol.
FIG1; RE ~.-Prescrvatioll of the normal reticululll structure.
DISCUSSION
Paracetamol is a safe, simple analgesic when used in therapeutic doses, but hepatic necrosis is a predictable life threatening complication of ovenlosage.
The safety of the therapeutic dose of paracetamol depends upon its short half-life in the body with the formation of an active metabolite which is rapidly inactivated by preferential conjugation with sulphydryl groups of hepatic glutathione and is excreted in the urine. After overdosage the hepatic glutathione is depleted and excess active metabolite binds with sulphydral group, of intrahepatic protein producing hepatic necrosis. This results in increased leveb of unconjugated paracetamol with prolongation of its half life.
The four cases illustrate the need for an increasing awareness of paracetamol overdose, the principals of medical management and the need for the education of medical personnel within each individual hospital. It is essential that casualty staff and other appropriate medical personnel are correctly informed and that there is an awareness of the increase in suicide attempts that may result from irresponsible publicit\".
The first case report demonstrates liver damage with recovery. The significance of paracetamol oveniosage was not realizecl until after reco\'ef\" of consciousness when it \\"as too late tu instit~te specific therapy.
The second case is a typical exam pie uf an apparentl~" well patient who, after inge,,;ting a near fatal overdose, was obsen"ed in h()~pital for 12 hours and in whom the significance of paracetamol oyenlosage was not recognizecl until :24 hours after ingestion.
The third case was recognized early and was treated immecliatel\' with the now standard regime for paracetar;lOl overdose. She remained \\'ell and suffered no ill effects after an m"erclose of paracetamol which, if untreated, would have prcclictabh" caused hepatic necrosis and pussible cleath.
The fourth case presenteci to hospital in extremis :36 hours after the ingestion of a mas,;ive overdose. Con,;idering tIlE' short ha1£life of the drug he had an extremel\' high serum level at that point in time.
The clinical findings in paracetamol o\"enlose are predominantly related to the acute hepatic necrosis. Other pathological changes are less ccmmon and are possibly only secondary" Hepatic necrosis following paracetamol overdose is described as centrilobular (Clark IH73) anel was markeel in Case·L Case:2 was atypical with histological Evidence of established cirrhosis with marked cholestasis. There was bile duct proliferation, intra canalicular bile thrombi, prom in ant portal bile plugs and an increase in intracellular bile with feathen" degeneration ( Figures ;1 and 4) .
The progressive rise in serum alkaline phosphatase was consistent with this. There was no history of liver disease prior to admission.
Renal tubular changes (:'Ilaclean 1961"\) are rare, and renal damage may not be a direct toxic result (Clark 1973) . Acute tubular necrosis due to hypotension would explain the renal failure in Case 4 .
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:\lyocardial damage is repurted (;\Iaclean 19(8) but may well result from other pathophysiological changes (Clark 197 .1) or a preexisting state including coronary artery disease seen in Case 4.
Cerebral oedema (:\Iaclean 191;8) may well be due to hypoxia or hypotension. Gastrointestinal haemorrhage has a multifactorial aetiology and may be due to a combination of stress ulceration, the coagulopathy, the local effect of a large dose of drug and possibly a true toxic effect of paracetamol.
:\laclean 1968 has not encountereel hypoglycaemia, but this is stressed by Davidson 1966 . Drug interaction may result in a falsely low value (Burn 1973) , due to interference with glucose estimation when using a reduction method.
Assessment of prognosis in the individual overdose patient is difficult and is complicated by the unreliable history, vomiting and a variable gastrointestinal absorption, drug inter-action and enzyme induction or inhibition by previous drug therapy.
:\lany biochemical parameters including serial serum paracetamol levels, estimations of drug half life, and changes in the half life have been advocated as indicating prognosis, but all these are open to significant error (Prescott 1974 , Prescott 1971 . Hepatic necrosis is proportional to the extent of binding of active paracetamol metabolite with hepatic protein and it is this which determines prognosis. ( The maximum daily recommended therapeutic dose of paracetamol is 8 g providing a blood level of 40 iJ.g per m!. Hepatic necrosis is not common with a dose of less than 15 g, however, death has been reported with a dose of 25 g (Clarke 1973).
ylost advocated forms of therapy are either non-specific or fail to prevent liver damage, unless they are instituted immediately after ingestion of paracetamol. These include mepyramine, steroids, activated charcoal, cholestyramine, forced diuresis, peritoneal and haemodialysis and haemoperfusion through a charcoal column.
These fail because the biochemical reaction, producing hepatic necrosis, occurs prior to their effective administration (Clark et al. 1973 , Maclean et al. 1968 , Prescott et al. 1971 l\Iitchel et al. (1973) have elucidated the biochemical mechanisms of paracetamol toxicity and illustrated the importance of sulphydryl containing compounds as specific antagonists; they report prevention of toxicity using dimercaprol and cysteamine in animals. Prescott et al. (1974) have reported the successful use of cysteamine in man, but doubt its value if given more than 10 hours after ingestion of paracetamol as hepatic damage occurs very early.
The patient in Case 3 was treated with dimercaprol, as this has been effective prophylactically in animal experiments and is a drug of relatiye safety in humans. Pencillamine was also used. Both drugs contain sulphydryl groups and in the presence of glutathione depletion, it is the provision of these groups which will prevent binding of the active metabolite to intrahepatic macromolecules.
